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Abstract 
In this work, the effect of BaO on optical, physical and radiation shielding properties of SiO2-15B2O3-2Al2O3-
10CaO-23Na2O glasses have been investigated. Glasses in composition (50-x)SiO2:15B2O3:2Al2O3:10CaO:23Na2O: 
xBaO, where x = 0, 5, 10, 15 and 20 % mol were fabricated by  melt-quenching technique. The results found that, the 
density and molar volume of glasses were increased with increasing of BaO concentration. The optical spectra were 
measured by uv-visible spectrophotometer and show shifted to longer wavelength. Gamma-ray shielding properties at 
662 keV of SiO2-B2O-2Al2O3-10CaO-23Na2O-BaO glasses have been studied. The experimental results showed good 
agreement with the theoretical values, calculated by WinXCom. Moreover, the comparison of ordinary concrete and 
commercial window in term of half value layer has been investigated and show better radiation shielding properties 
with advantage of being transparent to visible light. From the theoretical calculation, the Compton scattering gives 
dominant contribution to the total mass attenuation coefficients for all studied glass samples. 
 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Nowadays, the radiation has been used in agriculture, medical and various fields of industry. 
However, exposing radiation doses may harm to various types of cell at varying effects and due to no 
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lower safety radiation limit, an International Committee on Radiation Protection, ICRP had developed the 
principle for utilization of radiation with safety precaution by using “As Low As Reasonably Achievable, 
ALARA.” When we have to work in the radiation area, we need a high quality or suitable shielding 
material for reduction of unnecessary radiation dose to working personnel. The material commonly used 
for radiation shielding is lead and it’s composite. Because of high environmental toxicity of lead, bismuth 
and barium are playing an important role in replacing as a radiation glass shielding material. [1].  
Glass has the double function of being transparent to visible light and absorbing gamma rays and 
neutrons, thus providing a radiation shield for observers, experimenters, or workers. It may also be 
mentioned that verifications is an interesting option for long-term storage of radioactive waste products 
[2]. The studies of radiation shielding glasses have been published by several authors [3-10]. N Singh et 
al. [3] has studied on a radiation shielding property of PbO-BaO-B2O3 glass at 511 keV, 662 keV and 
1274 keV in comparison with concrete. It has been shown that PbO-BaO-B2O3 is a better shielding 
property than concrete at all energy. J.Kaewkhao et al. [4] were observed half value layer (HVL), mass 
attenuation coefficients (Pm) and effective atomic number(Zeff) in borate and phosphate glass containing 
with BaO, PbO and Bi2O3 have been investigated at 662 keV .The result shows that all glass samples are 
better HVL than ordinary concrete and commercial glass window. Furthermore, the effective increase 
with higher BaO, PbO and Bi2O3 concentration. BaO may be suitable for use at appropriate energy such 
as x-ray or lower energy level.  Murat Kurudirek et al. [5] have compared some lead and non-lead based 
glass, standard shielding concretes and commercial window glasses in energy region of 1keV-100 GeV. 
They confirmed that all glasses are suitable as substitutes for some concretes and commercial window 
glasses in this energy region. K. Kirdsiri et al. [6] have compared the silicate glasses containing with i2O3, 
PbO and BaO on radiation shielding and optical properties. The results showed that Bi2O3 and BaO 
glasses will be a new possibility for a lead-free radiation protecting glass with non-toxicity to our 
environment.    
 In this investigation we report on detailed analysis of radiation shielding properties of (50-x) SiO2: 
15B2O:2Al2O3: 10CaO: 23Na2O: x BaO glasses, where x = 0, 5, 10, 15 and 20 % mol. The gamma rays 
shielding properties such as the mass attenuation coefficients and half value laver (HVL) at 662 keV of 
glass sample have been measured and comparison made with theoretical approach, obtained by 
WinXCom program. Also, comparison of their half value layer thickness with some standard ordinary 
concretes and commercial glass windows are discussed. Moreover, physical and optical properties are 
also determined and discuss in term of density, molar volume and optical spectra. 
2. Experimental 
2.1. Glasses Preparation 
The glass system of (50-x) SiO2: 15B2O:2Al2O3: 10CaO: 23Na2O: xBaO (x = 0, 5, 10, 15 and 20 % 
mol) were prepared by melt quenching technique at CEGM, Nakhon Pathom Rajabhat University. The 
analytical reagent grade of H3BO3, CaO, Al2O3, Na2CO3, BaCO3 and silica sand (use as a SiO2) were 
mixed thoroughly. Each batch of formulas was weighted to 30 g and melted at 1200 qC in alumina 
crucible by an electrical furnace. Dry oxygen was bubbled thoroughly for 1 hour. These melts were 
quenched at room temperature in air by pouring between stainless steel plates forming circular shape with 
top side opened and when filled, a top stainless steel plate was used to press the top part into shape. The 
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2.2. Density and molar volume measurements 
By applying Archimedes principle, the weights of the prepared glass samples were measured in air and 
in xylene using a 4-digit sensitive microbalance (Denver, Pb214). Then, the density, ȡ, was determined 








  UU       (1)
 
where Wa is the weight in air, Wb is the weight in xylene, and ȡb is the density of distill water. 
 
The corresponding molar volume (VM) was calculated using the relation, VM = MT/ȡ, where MT is the 
total molecular weight of the multi-component glass system.   
 
2.3. Optical transmission measurement  
UV-VIS optical spectra of glass samples of equal thickness were recorded at room temperature using 
the Cary 50 UV-visible spectrophotometer covering the range from 300 to 1,100 nm. 
 
2.4. Theoretical and experimental Gamma-rays transmission  
The mass attenuation coefficient is written as [10] 
 







                                       (2) 
 
Where  U  is the density of material (g/cm3), 0I  and I  are the incident and transmitted intensities and t 
is the thickness of absorber (cm). 
Theoretical values of the mass attenuation coefficients of mixture or compound have been calculated 
by WinXCom, base on mixture rule [10]: 
 
              ¦ 
i
imim w )(PP                                          (3) 
Where iw weight fraction of each element in mixture, im )(P  is mass attenuation coefficient for 
individual element in mixture.  
The following mass attenuation coefficient relates half value layer to linear attenuation coefficient (P) 
[10]: 
HVL = 0.693/ P                                            (4) 
The diagram of experimental setup for mass attenuation coefficient determination is shown in Fig. 1. 
The source and absorber system were mounted on a composite of adjustable stands. This setup can move 
in the transverse direction for proper beam alignment. The 137Cs radioactive source of 15 mCi (555 MBq) 
strength was obtained from the Office of Atom for Peace (OAP), Thailand. The incident and transmitted 
gamma-rays intensities were measured for a fixed preset time in each experiment by recording the 
corresponding counts, using the 2su2s NaI(Tl) detector  having an energy resolution of 8% at 662 keV 
(BICRON model 2M2/2), with CANBERRA photomultiplier tube base model 802-5. The dead time in 
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this experiment was 0.73%-1.37%. The pulse shaping time was 0.5 Ps. An optimum sample thickness 
(0.5 d Px d 5.0) was selected in this experiment on the basis of the Nordfors criteria [10]. The statistical 
error in this experiment calculated from the standard error of 3 items (i) ray-sum measurement, which 
calculated from experiment, the ray-sum is product of linear attenuation coefficient (P) with thickness (x), 
(ii) density measurement and (iii) thickness measurement. Finally, the total standard error has been 
determined by combining errors for the ray-sum measurement, density measurement and thickness 
measurement in quadrature. The spectra were recorded using a CANBERRA PC-based multi-channel 
analyzer. In this experiment, the validity of the mass attenuation measurement was confirmed by 
measuring a lead slab.   
Fig. 1. Experimental setup for mass attenuation coefficient determination 







                     
 Fig. 2. Densities of glasses sample Fig. 3. Molar volumes of glasses sample 
 
The density and molar volume results are shown in Fig. 2 and Fig. 3, respectively. The increase in the 
density is due to higher molecular weight of BaO compared to that of SiO2 it is expected result. In the 
studied glass where increasing of BaO concentration, the glass is loose packing increases due to BaO acts 
as modifier. In this case, the NBOs are increased in number in the glass network so molar volumes were 
increased [10].   
Fig. 4(a) shows the absorption spectra recorded for all the compositions of glass samples under 
investigations. The wavelength at which the percentage transmission is zero is referred to cutoff 
wavelength (Ȝcutoff). The Ȝcutoff was slightly shifted to longer wavelength with increasing of BaO 
concentration. Fig. 4(b) is expansion of Fig. 4(a) in the range 400-500 nm, it has been found the shoulder 
peaks around and 450 nm are attributed to Fe3+ ions. The intensity of this peak was increased with 
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increasing of BaO concentration. Fig. 4(c) is expansion of Fig. 4(a) in the range 600-1,100 nm, it has been 
found board peak around 1,100 nm due to Fe2+ ions. Theses results can be explained due to a little Fe 







 (a) (b) (c) 
Fig. 4. Absorption spectra recorded for all the compositions of glass samples under investigations (a) 300 – 1,100 nm; (b) 400-500 
nm; (c) 600-1,100 nm 
Table 1. The mass attenuation coefficients for total interaction and partial interaction of (50-x) SiO2: 15B2O:2Al2O3: 10CaO: 
23Na2O: xBaO glass system at 662 keV  

μm (cm2/g)u10-2 
Total interaction Partial interaction (from Win X Com) % mol 
Theory Experiment %RD Compton scattering Photoelectric effect Coherent 
0 7.65 7.66±0.01 0.19 7.62 0.006 0.025 
5 7.65 7.77±0.01 1.59 7.55 0.059 0.039 
10 7.65 7.64±0.01 0.21 7.48 0.113 0.053 
15 7.65 7.71±0.01 0.51 7.42 0.166 0.067 
20 7.65 7.63±0.01 0.54 7.35 0.219 0.081 
      %RD= relative difference between theory and experiment 
 
The mass attenuation coefficients of glass samples as shown in Table 1 were evaluated from gamma-
rays incidence (I0) and transmitted (I) intensities and where its theoretical values were calculated by 
WinXCom program. In theoretical approach, it has been found that the mass attenuation coefficients were 
increased with increasing of BaO content in glass matrix indicates the better shielding properties. The 
increase total photon interaction probability at this energy leads to the decrease of gamma-rays 
transmission with increasing amount of BaO. The experimental values of mass attenuation coefficient are 
in good agreement with the theoretical values with RD less than 1.5%.  
The values of partial interactions with BaO concentration are shown in Table 1, which indicates that 
the Compton scattering gives dominant contribution to the total mass attenuation coefficients for all 
studied glass samples and shows decrease with increasing of BaO concentration. In case of photoelectric 
and coherent scattering interaction are increased with increasing of BaO concentration, however both 
interaction are rather small for these glass samples at this energy (662 keV) comparing with Compton 
scattering. The pair production interaction is not occurring due to the energy is lower than 1.02 MeV. 
Half value layers have been compared with ordinary concrete and commercial window [10] as shown 
in Fig. 5. The half value layers of glass sample were decreased with increase content of BaO, which also 
result in the increase in mass attenuation coefficient and density. In the light of these results, it has been 
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observed that SiO2-B2O-2Al2O3-10CaO-23Na2O-BaO glass system has shielding properties that is better than 
commercial window glass and ordinary concrete.  
 
Fig. 5. Half value layer of (50-x) SiO2: 15B2O:2Al2O3: 10CaO: 23Na2O: xBaO glass system at 662 keV compared with ordinary 
concrete and commercial window 
 
4. Conclusions 
Physical, optical and gamma ray-shielding properties of (50-x) SiO2: 15B2O:2Al2O3: 10CaO: 23Na2O: 
xBaO (x = 0, 5, 10, 15 and 20 % mol) glass system have been studied. From the entire analysis, the 
following observation are made 
- The density of the glasses increased with increasing of BaO content, due to higher molecular weight 
of BaO than SiO2.  
- The molar volume of the glasses increased with increasing of BaO content, indicated that the BaO 
acts as modifier in glass network  
- The optical spectra results show that the cutoff wavelength and spectra of these glasses shifted 
toward longer wavelength. Moreover, the shoulder peaks around 380 and 450 nm are attributed to Fe3+ 
and board peak around 1,100 nm due to Fe2+ ions were found but not effect to glass color. 
- Gamma-ray shielding properties at 662 keV of SiO2-B2O-2Al2O3-10CaO-23Na2O-BaO glasses have been 
studied. The experimental results showed good agreement with the theoretical values. Moreover, the 
comparison of ordinary concrete and commercial window in term of half value layer has been 
investigated. The results found that the glasses in this work were better radiation shielding materials in 
term of their volume required for shield design and with advantage of being transparent to visible light. 
- The Compton scattering gives dominant contribution to the total mass attenuation coefficients for all 
studied glass samples 
 
Acknowledgement  
J. Kaewkhao special thanks to National Research Council of Thailand (NRCT) for funding this 
research. P. Limsuwan would like to thanks King Mongkut’s University of Technology Thonburi for 
partially funding under National Research University project. S. Kaewjaeng, and U. Maghanemi would 
1086  S. Kaewjaeng et al. / Procedia Engineering 32 (2012) 1080 – 1086
like to thanks the Department of Radiologic Technology, Faculty of Associated Medical Sciences,Chiang 
Mai University, Chiang Mai, 50200. 
References 
[1] Kaewkhao, J., Pokaipisit, A., Limsuwan ,P.,  Study on borate glass system containing with Bi2O3 and BaO for gamma-rays 
shielding materials: Comparison with PbO, Journal of  Nuclear Materials 2010; 399: 38–40. 
[2] Manohara, S.R., Hanagodimath, S.M., Gerward, L, Photon interaction and energy absorption in glass: a transparent gamma 
ray shielding, Journal of  Nuclear  Materials 2009;393:465-472 
[3] Singh, N., Singh, K.J., Singh, K., Singh, H., Gamma-ray attenuation studies of PbO-BaO-B2O3 glass system, Journal of 
Radiation  Measurement 2006; 41:84–88 
[4] Kaewkhao, J., Limsuwan, P., Mass attenuation coefficients and effective atomic numbers in phosphate glass containing 
Bi2O3, PbO and BaO at 662 keV. Journal of Nuclear Instrument and Methods in Physics Research 2010;619: 295–297. 
[5] Kurudirek, M., Buyukyildiz,M., Özdemir ,Y., Comparison of some lead and non-lead based glass system, standard shielding 
concretes and commercial window glasses  in terms of shielding parameters in the energy region of 1 keV-100GeV: A 
comparative study, Journal of. Nuclear  Materials  2010; 407:110-115. 
[6] Kirdsiri, K., Kaewkhao, J., Chanthima, N., Limsuwan, W., Comparative study of silicate glasses containing Bi2O3, PbO and 
BaO:Radiation shielding and optical properties, Journal of  Nuclear. Energy 2011; 38:1438-1441. 
[7] Singh, K., Singh, H., Sharma, V., Nathuram, R., Khanna, A., Kumar, R., Bharri ,S.S., Sahora, H.S, Gamma-ray attenuation 
coefficient in bismuth borate glass ,Journal of  Nuclear Instruments and Methods in Physics Research 2002; 194:1-6. 
[8] Singh, K., Singh, H., Sharma, G., Gerward, L., Khanna, A., Kumar, R., Nathuram, R. , Sahota, H. S.,Gamma-ray shielding 
properties of CaO-SrO-B2O3 glasses, Journal of Radiation Physics and Chemistry 2005; 72:225-228. 
[9] Sing, S., Kumar, A., Sing,D., Thind, K.S., Barium-borate-flyash-glasses: As radiation shielding materials,  Journal of 
Nuclear Instruments and Methods in Physics Research, 2008; 206:140-146. 
[10] Limkitjaroenporn, P., Kaewkhao, J., Limsuwan, P., Chewpraditkul, W., Physical, optical, structural and gamma-ray 
shielding properties of lead sodium borate glasses, Journal of Physics and Chemistry of Solids 2011; 72:245-251. 
